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The underestimation of sensible and latent heat fluxes by eddy-correlation method has 
been paid great attention among the boundary-layer group of GAME-Tibet. The 
underestimation of (H+LE), where H and LE are sensible and latent heat respectively, 
might be 20% in average of the surface available energy. It is serious because: 
1. Station observations are the basis to obtain regional representative parameters. 
Large underestimation of (H+LE) will have great impact to the quantitative 
understanding of regional land surface–atmospheric interactions. Particularly, 
20% error of evaporation will influence seriously the evaluation of regional water 
resources, also, some practical applications such as agricultural management.The 
utility of sensible and latent flux measurements for model validation or 
calibration is greatly reduced.It is essential in the justification for long-term flux 
measurement networks such as GAME-AAN. 
Besides, CO2 flux is also measured with eddy-correlation method mostly. Error 20% 
would misunderstand a CO2 source area as sink.  
Possible reasons for this shortage have been discussed, which are summarized 
below:The irregularity and unpredictability of atmospheric turbulence makes the basic 
difficulty. Compared with indirect method, eddy correlation method is more 
sensitive to surface inhomogeneity.  
2. The control area for the observation of different fluxes would be different, e.g. 
evaporation coming mainly from leaves while sensible heat from a hot, dry soil 
surface. We often set the instruments in a locally flat and homogeneous site that 
may not be representative of a larger area.  
3. The 3-D characteristics of turbulent fluxes are difficult to be covered by ‘1-D’ 
measurements along prevailing wind direction. Local circulation induces the 
non-zero mean vertical velocity over some area; vertical advection occurs. 
4. Atmospheric non-stationarity during the observation period (~30min) may cause 
the losing of some low frequency component of the covariance. 
5. Errors from sensor separation, frequency response, and mis-alignment, etc. 
As for reason 2 and 3 above, we have checked a station on a ‘homogeneous’ grassland. 
While the site looks ‘flat’ and ‘homogeneous’, it is actually uneven from an airscape 
photo and Landsat TM image. The surface temperature difference within a few 
kilometers around the station could be as large as 15 deg C, and changes greatly for 
different directions. The representativeness of the station for a larger area (10 km or 
more), particularly when wind direction changes, is doubtful. 
There were possible errors in the measurement of net radiation, particularly, the 
evaluation of downward surface soil heat flux from the data of buried soil heat-flux 
plates and soil temperature sensors. If we check the diurnal variation of closure ratio 
CR=(H+LE)/(Rn-G0), it shows a gradual increase from a very low value (~0.2) in the 
early morning and reached about 0.6-0.9 in the afternoon. This might be from the 
error (underestimation) in deriving G0. Both Naqu BJ and Amdo station may have 
similar problem. 
As other projects, in addition to the eddy-correlation system, wind, temperature, and 
humidity profile system was also operated in the GAME-Tibet stations. That is, both 
eddy-correlation method and profile method (PF) (or Bowen ratio method), which are 
the most widely used two methods in micrometeorological observation nowadays, 
could be used in deriving surface fluxes. We have made an intercomparison of the 
fluxes calculated from EC and PF method. While the sensible and latent heat flux 
from both methods are compatible, the results from profile method are more scattered. 
Moreover, for BJ station, sensible and latent fluxes from PF method are smaller than 
those from EC. This makes the ‘energy closure’ worse. Analysis shows that this could 
be resulted from the error of temperature and humidity gradient measurements, 
mainly because of the radiation effect for the sensors, which were mounted in a small 
screen with natural insufficient ventilation. This might be the reason why profile data 
of Tibetan stations have not been utilized intensively as those from EC. 
Nevertheless, the conservation of energy in the surface layer should be satisfied; the 
measured energy budget must be closed by some method. For GAME-Tibet 
observations there is no reason to say that latent heat flux measured by EC was worse 
than sensible heat flux. So the so called ‘residual-LE closure’ method (evaluating LE 
as the residual of energy balance equation) suggested by some author should not be 
proper. Fortunately, if we check the Bowen ratio calculated from temperature and 
humidity gradients and that from H/LE (measured fluxes by EC), both are very 
compatible. The so-called ‘Bowen ratio closure’ method should be more preferred; 
that is, to calculate the Bowen ratio B0 from EC observed H and LE, then, to force the 
closure by re-calculating H=B0(Rn-G0)/(1+B0) and LE=(Rn-G0)/(1+B0).  
Concluding remarks:  
‘The last 20 years have taught us that while flux measurements are possible, they can 
also be notoriously difficult.’ (Wyngaard, 1988) We should take great care in each step 
in the estimation of flux components. As for re-processing the data of 
GAME-Tibet ’98, besides the checking of eddy-correlation results with different 
corrections, the estimation of surface soil heat flux G0 needs to be redone at first, so 
that the accuracy of the surface available energy could be clearer. Besides, profile data, 
as one of the basic components in each station, should be used extensively. This needs 
careful correction of particularly the measurements of temperature and humidity 
gradients. Because the fluxes estimation is so fundamental, attention must be taken in 
the coming CEOP-Tibet, from the site selection, to instrument (sensor) installation, 
and other points we mentioned in the paragraph above, the ‘possible reasons’. 
